In this study, conventional slow sand filter (SSF) and modified slow sponge sand filter (SpSF) were investigated for the post-treatment of up-flow anaerobic sludge blanket (UASB)-down-flow hanging sponge (DHS) reactor effluent. The seasonal variation did not show significant differences in removal efficiencies of both filters. However in summer, both filters were able to achieve high total suspended solids and total biochemical oxygen demand removal averaging 97% and 99%, respectively. Contrary to organic removal, total nitrogen removal efficiency was satisfactory, showing increased removal efficiencies averaging 58% and 62% for SSF and SpSF in summer. On the other hand, average total coliform removal of SSF and SpSF was 4.2 logs and 4.4 logs and corresponding Escherichia coli removal was 4.0 logs and 4.1 logs, respectively. From our observation, it could be concluded that the relative performance of SpSF for nutrients and coliforms was better than SSF due to the effectiveness of sponge media over fine sands. Moreover, microbial community analysis revealed that the members of phylum Proteobacteria were predominant in the biofilms of both filters, which could have contributed to pollutant removal. Therefore, SpSF could be concluded to be a suitable post-treatment of UASB-DHS system in warmer conditions.
INTRODUCTION
The pace of innovation in the present wastewater industry for developing countries has elevated every year, bringing new concepts and technologies (Reardon & Danvel ) . The triage for selecting wastewater treatment plants for developing countries is still going on. In this context, the potential combination of up-flow anaerobic sludge blanket (UASB) and down-flow hanging sponge (DHS) has been studied as an effective wastewater treatment system over the conventional municipal wastewater treatment system (Tandukar et al. ; Onodera et al. ) . This combined system exhibited good organic removal apart from being energy efficient and cost effective (Tandukar et al. ) . However, treated wastewater after secondary treatment still contains pathogenic microbes and nutrients, which need to be removed before reuse or discharging into the water bodies (Maunula et al. ) . Previous studies on the overall performance of UASB-DHS systems for nutrient removals were disappointing, even though coliform removal was achieved to some extent by biological phenomena such as entrapment, predation and natural die off within the DHS system (Tandukar et al. ) . The present municipal wastewater treatment technology is in need of a self-sustaining system with competence to satisfy more stringent effluent discharge standards. From this standpoint, a tertiary treatment system is required after the UASB-DHS process. In an attempt to develop the post-treatment of a UASB-DHS system, the most traditional, self-sufficient biological method, slow sand filter (SSF), was chosen for this study.
SSF is an economical option for people who are deprived of improved sanitation (WHO & UNICEF ).
Studies have been done for SSF as a post-treatment option for secondary effluents (Tyagi et al. ; Haig et al. ; Kauppinen et al. ) . The attractive feature of SSF is its economic advantage due to requirement for less skilled manpower and maintenance over other tertiary treatment options (Langenbach et al. ) . Therefore, SSF was selected as a tertiary treatment unit. This study is an attempt to develop and evaluate the performance of conventional SSF and a novel system called slow sponge sand filter (SpSF) as a post-treatment of the UASB-DHS system. Moreover, the microbial community analysis in the biofilm of SSF was done for further understanding the distribution of microorganisms in the filters and their role in the filter for coliforms and nutrients removal.
MATERIALS AND METHODS

Design of SSFs
Two laboratory scale SSFs were installed in Nagaoka Sewage Treatment Facility (Japan), after a UASB-DHS system. The operational details of the UASB-DHS system have been given in a previous study by Onodera et al. () . Both the filters were continuously operated for 6 months at ambient temperature ranging from 8-22 W C. The filters were designed with the sorted sand sizes, gravels and activated charcoal. The DHS sponges were placed on the top of a modified sponge sand filter (SpSF). The characteristics of sponge media used in these filters are described in previous studies (Onodera et al. ) . Before introducing the sand medium into the filter columns, it was properly washed with distilled water to remove mineral contaminants and dried at 105 W C for 24 h. The effective size and uniform coefficient of sands were determined by sand sieve analysis. This yielded four kinds of sands of increasing effective size, from fine to coarse. The bottommost part of SSF consisted of 2 cm of underdrain glass balls. It was overlaid by 5 cm layers of 4.75 mm coarse gravel and 14.75 mm coarse sand followed by 1.18 mm fine charcoal, with 10 cm of 0.15 mm fine sand placed at the top. SpSF was also designed with same underlying materials, except the top layer, which was replaced by 5 cm of fine sand and 6 cm of DHS sponges ( Figure 1 ). The effective size and uniform coefficient of fine sand were 0.22 mm and 1.95 mm, respectively. The top of the filter was covered with plastic nets to prevent flies. The influent of sand filters was homogenously mixed DHS reactor effluent. DHS reactor effluent was stored in a tank temporarily and then supplied to the sand filters with the help of a peristaltic pump. Since filtration rate control is the key element in operation of filters, three different hydraulic loading rates (HLR) were tested during the start-up. The hydraulic load of the filter varied from 0.6 m/h to 0.9 m/h. Later, HLR was set to 0.9 m/h for both filters. During the study period, the top layer of filters was scrapped only once, and the operation was terminated. 
Analytical methods
Routine analysis of the samples was undertaken twice a week for 181 days. For coliform analysis, samples were taken in 50 mL sterile disposable tubes. The samples were transported to the laboratory under preservation in an icecooled box at 4 W C. Temperature, dissolved oxygen and pH were measured onsite. The performance of UASB, DHS, SSF and SpSF was evaluated by measuring total suspended solids (TSS), volatile suspended solids, biochemical oxygen demand (BOD 5 ), chemical oxygen demand (COD Cr ), total nitrogen (TN), and total phosphorus (TP) (APHA ).
Coliforms and Escherichia coli analyses were performed by Colilert 24 (IDEXX, Chalfont St Peter, UK).
Microbial community analysis
Bacteria community analysis was investigated in the schmutzdecke, a biologically very active layer on top of both sand filters and treated effluent from the DHS system. The microbial biofilm samples were obtained by scraping the top layers of both the filters during the process of maintenance and 2L of DHS effluent. The samples were centrifuged at 10,000 g, 4 W C. The pellets were gently washed with 1× phosphate-buffered saline and stored at À20 W C until DNA extraction. DNA was extracted by using the Fast DNA Spin Kit for Soil (MP Biomedicals, Santa Ana, CA, USA) following the manufacturer's instructions. DNA was used for PCR amplification, and massively parallel 16S rRNA gene sequencing was performed using the Miseq reagent Kit v2 with Miseq System (Illumina Inc., San Diego, CA, USA). Data were analysed according to the method described by Kuroda et al. () .
RESULTS AND DISCUSSION
The performance of filters in terms of organics, nutrients and coliform removal was studied in winter and summer seasons. The seasonal study on the performance of filters is important, since the microbial purification efficiency is vulnerable to the changing temperatures (Kauppinen et al. ) .
TSS removal
The concentration of organic matter was observed to be higher in the winter season than in summer, as shown in Table 1 . The concentration of TSS in the influent of the UASB-DHS system was 89 ± 32 mg/L and 70 ± 27 mg/L in winter and summer seasons, respectively. The lower concentration of TSS can be attributed to the higher dilution of wastewater due to daily activities in summer. Average SSF and SpSF effluent concentrations of 1-3 mg/L were significantly lower than influent concentrations (min: 43 mg/L and max: 121 mg/L) in both seasons. As expected, no differences were found between the effluent TSS concentrations of both the filters. However, from the start-up of the filters until day 12, TSS removal in SSF was fluctuating (min: 48% and max: 81%), whereas SpSF was stable (above 70%) (data not shown). After day 70 of operation, the biofilm stabilized, and consequently both the filters showed better TSS removal. Both the filters exhibited average TSS removal of 98% in winter and 97% in summer. Average TSS removal in our study was almost the same as reported by Tyagi et al. () .
Total BOD 5 and COD Cr removal
The observed total COD Cr removal efficiency for SSF was 92 ± 3% in winter and 95 ± 3% in summer, with corresponding average COD concentration of 29 ± 9 mg/L and 14 ± 8 mg/L, respectively. Similarly, the average COD removal of SpSF in summer and winter was 95 ± 3% and 96 ± 3%, respectively. Both SSFs were found to be efficient in COD removal in summer, while BOD concentration and removal efficiencies of both filters did not show much difference. At the end of the filter run, the average total BOD of both the filters was lower than 5 mg/L in both seasons, which is almost three times lower than the permissible limit of 15 mg/L (Okada & Peterson ) . It also revealed that SSF and SpSF can produce excellent quality effluents with acceptable level of BOD discharge standard. It is noteworthy that the major part of the organics was already removed by the UASB-DHS system, which has already been proven by previous studies. Moreover, the advantage of using sponges on the top layer of the sand filter not only increased the surface area but also prevented the clogging of filters. Clogging in SSF was observed on day 84 and in SpSF on day 102. Sponges used in SpSF have the advantage of low excess sludge production of 0.09 g SS/g COD favored by the endogenous respiration and 47 days of sludge retention time (Onodera et al. ) .
Nutrient removal
In the case of nutrient removal, the SpSF system showed higher nitrification affinity than SSF. In winter, the average TN concentration of SSF and SpSF effluent was 18 ± 4 mg/L and 16 ± 5 mg/L, respectively. However, the corresponding TN concentration in summer decreased to 11 ± 3 mg/L and 10 ± 3 mg/L, respectively. The average TN concentration of SpSF effluent was within the permissible limit (Okada & Peterson ) . Similarly, respective removal efficiencies of SSF and SpSF were 50 ± 13% and 56 ± 13% in winter, whereas in summer, they increased to 58 ± 20% and 62 ± 19%. Besides, nitrite accumulation occurred in both the filters. In a previous study, nitrite accumulation in SSF effluent occurred due to low carbon/nitrogen (C/N) ratio (Aslan & Cakici ) and low total COD concentrations in SSF and SpSF influent, which indicates that the carbon source was insufficient for higher nitrogen removal. TN removal by both filters improved in summer as compared with the winter season.
The average concentration of TP was 1.9 ± 1 mg/L in SSF and 1.7 ± 1 mg/L in SpSF in summer. The corresponding removal was 51 ± 18 and 56 ± 20%. The reason for the modest phosphorus removal could be limited phosphorus retention ability of the media used in this study. Therefore, for effective phosphorus removal efficiency, the incorporation of materials with a high affinity for phosphorus is necessary (Cucarella & Renman ) . Nevertheless, further Even though the nutrient removal was not as effective as organic removal, the overall finding suggested that SpSF could likely be an appropriate post-treatment unit of UASB-DHS system in comparison with SSF if run for longer duration.
Effect of seasonal variation on coliforms
The effect of seasonal variation on the coliform removal in sand filters was investigated. From the start-up to day 78, the recorded temperature of influent (municipal wastewater) was below 15 W C (winter), and from day 79 to day 181 it rose above 15 W C (summer). The performance of both SSFs exhibited a gradual decrease in coliform count. Both SSFs were found capable of removing 3.7 log units of total coliforms (TCs) and 3.5 log units of fecal coliforms in winter. The influent concentration of coliforms was higher in the winter and reduced in summer. In winter, the average inflow concentration of TC and E. coli was 8.90 × 10 4 most probable number (MPN)/100 mL and 2.21 × 10 4 MPN/ 100 mL, respectively. However, the coliforms removal improved in summer. The average TC removal for SSF and SpSF was 4.2 logs and 4.4 logs, and the corresponding E. coli removal was 4.0 logs and 4.1 logs, respectively. Eventually, SpSF exhibited superior coliform removal to SSF in both the seasons. In summer, along with the increase in removal efficiency, SpSF produced effluent of TC and E. coli count averaging 1.05 × 10 3 MPN/100 mL and 9.00 × 10 2 MPN/100 mL, which was within the national effluent discharge standard (Figure 2) . Similar results were also reported by Kauppinen et al. () . Since the study was started in winter, it may be that the biofilms required for optimal purification were not sufficiently formed until the end of the entire follow-up period. Furthermore, in this study, when the biofilm scraping was done, there was a drop of 2.0 logs coliform removal as well, which is in consonance with the work carried by Sanchez et al. () . The superiority of SpSF over SSF could also be explained by its surface area. Studies by Langenbach et al. () have confirmed that the removal of bacteria depends on the surface area of media used. Biofilm development was better in SpSF due to the larger surface area of sponge media than sand, which favored better removal efficiencies. Moreover, the sponge media can also sustain diverse microbes by offering them a proper niche for their development (Onodera et al. ) .
Bacterial community in biofilms of sand filters
Our study envisaged that the pollutant removal was favored by activity of complex and specialized biomass existing in the biofilm and surface area of the media. Studies have also shown that microbial removal improved with proceeding biofilm maturation along with increase in the total surface area, which are favorable for microbe attachment (Heistad et al. ) . However, the exact function and activity of the individual organisms within a sand filter bed have not yet been ascertained, due to its dynamic nature (Devadhanam & Pillay ) . The biofilm environment is dynamic and constantly transforming as the DHS influent varies, biofilm develops, environmental conditions change and new organisms appears to dominate. This study was conducted to understand the microbial community structure in both SSFs. Using a 97% sequence identity cut-off, 2200-5300 operational taxonomic units (OTUs) were detected from DHS effluent, SSF, and SpSF samples by 16S rRNA gene analysis. Based on the Chao1 index, 2.1-3.5-fold higher OTU numbers were estimated in these samples.
The sequencing depth of this study could cover most of the microbial community in the samples because of 91-93% good's coverage. In order to investigate the interaction of microbial communities relevant to treatment of nutrients and coliforms, evaluation of the microbial community at the phylum level was done. Out of the detected OTUs, the members of phylum Proteobacteria were the most predominant phylotypes, and SpSF showed the highest detection rate of about 80% (Figure 3) . The second and third predominant phyla were Bacteroidetes and Verrucomicrobia, respectively, which have been frequently observed in aerobic biological treatment systems such as sand filters (Hunter et al. ) .
In OTU level, microbial community compositions of SSF and SpSF were clearly different from DHS effluent (Figure 4 ). Pseudomonas sp. was the most predominant phylotype in biofilms of both sand filters, which was identified as P. pohangensis strain H3-R18 (NR_043730) at 100% identity (251/251 bp) of 16S rRNA gene sequence. Genus Pseudomonas can generate biofilm, and this biofilm has been reported to inhibit the growth of coliforms (Liu & Li ) . Besides, it is reported that some Pseudomonas spp. have heterotrophic nitrification and aerobic denitrification ability (Zhang et al. ) . In this study, DO concentrations of DHS, SSF and SpSF effluents were 7.1 ± 0.9 mg/L, 6.2 ± 2.0 mg/L and 5.8 ± 1.8 mg/L, respectively, indicating that oxygen demand was sufficient for nitrification in both sand filters (Ruiz et al. ) and would have good potential to remove nitrogen if run for a longer time. The second predominant phylotype in both sand filters was uncultured Sinobacteraceae, which are related to Steroidobacter denitrificans strain FS (NR_044309) at 94% identity (237/251 bp). S. denitrificans is a chemoorganotroph, and can reduce nitrate to dinitrogen monoxide and further to nitrogen gas (Fahrbach et al. ) . In addition, Dechloromonas sp. and Haliea sp. are denitrifiers, which might also cause reduction of nitrate to nitrite in these sand filters (Lucena et al. ) (Figure 4) . It was assumed that the presence of these microbial communities and results of nitrogen removal indicated that the simultaneous nitrification-denitrification reaction occurred in both sand filters (Nakhla & Farooq ) . 'Candidatus Halomonas sp.' was detected at 1.6% and 3.6% from SSF and SpSF, respectively. This microorganism is a polyphosphate-accumulating bacterium, which can utilize acetate, propionate and ethanol as energy and carbon sources (Nguyen et al. ) , suggesting that this microbe might have contributed to more phosphate removal in SpSF than in SSF, showing 40 ± 14% in winter and 56 ± 20% of phosphorus removal during summer (Table 1) . Presumably, controlling optimal operational conditions such as C/N ratio and depth of both filters, as discussed above, might produce the desired results, as suggested by the studies undertaken by Aslan & Cakici () .
CONCLUSIONS
In this study, the performance of two types of sand filters (SSF and SpSF) for municipal wastewater treatment was investigated. The seasonal performance evaluation for 6 months demonstrated that the sand filter with additional sponge media (SpSF) delivered better results than conventional SSF under warmer conditions. SpSF produced goodquality effluent in terms of organic and coliform parameters. During summer, SSF produced effluent with concentration of TSS, total COD Cr and total BOD 5 of 2 ± 1, 14 ± 8 and 3 ± 1 mg/L. The corresponding concentrations for SpSF were 2 ± 1, 11 ± 8 and 3 ± 1 mg/L. Regarding TN, removal efficiencies of SSF and SpSF were 50 ± 13% and 56 ± 13% in winter, whereas in summer, they increased to 58 ± 20% and 62 ± 19%, respectively. Both filters showed satisfactory phosphorus removal, indicating the need for further planning of filter depth and media. On the other hand, average TC removal of SSF and SpSF was 4.2 logs and 4.4 logs and corresponding E. coli removal was 4.0 logs and 4.1 logs, respectively. The majority of organic pollutant removal was done by the UASB-DHS system, and filters produced effluent for reuse purpose. Despite the change in the seasons, there were no striking differences observed in the organics removal. However, nutrient and coliform removal in SpSF were comparatively better than conventional SSF, attributed to the increase in surface area of the sponges.
Moreover, from microbial community analysis, it can be assumed that the members of phylum Proteobacteria were dominant communities in developed biofilms and might have played major roles in pollutant removal in both the filters. Moreover, the proper planning of the filter depth, media and long-term run need to be extensively studied for further improvement in the performance of SpSF. Therefore, considering the above results, it can be concluded that SpSF outperformed SSF and could be proposed as an appropriate post-treatment of UASB-DHS system in warm conditions. 
